Abstract The Kinta River, draining an area of 2566 km 2 , originates in the Korbu Mountain in Perak, Malaysia, and flows through heterogeneous, mixed land uses ranging from extensive forests to mining, rubber and oil palm plantations, and urban development. A land use change analysis of the Kinta River catchment was carried out together with assessment of the long-term trend in rainfall and sediment fluxes. The Mann-Kendall test was used to examine and assess the long-term trends in rainfall and its relationship with the sediment discharge trend. The land use analysis shows that forests, water bodies and mining land declined whilst built and agricultural land use increased significantly. This has influenced the sediment flux of the catchment. However, most of the rainfall stations and river gauging stations are experiencing an increasing trends, except at Kinta river at Tg. Rambutan. Sediment flux shows a net erosion for the period from 1961 to 1969. The total annual sediment discharge in the Kinta River catchment was low with an average rate of 1,757 t/km 2 /year. From 1970 to 1985, the annual sediment yield rose to an average rate of 4062 t/km 2 /year. Afterwards, from 1986 to 1993, the total annual sediment discharge decreased to an average rate of 1,306 t/km 2 /year and increased back during the period 1994 to 2000 to 2109 t/km 2 /year. From 2001 to 2006 the average sediment flux rate declined to 865 t/km 2 /year. The decline was almost 80% from the 1970s. High sediment flux in the early 1970s is partly associated with reduced tin mining activities in the area. This decreasing trend in sediment delivery leaving the Kinta River catchment is expected to continue dropping in the future.
INTRODUCTION
Sediment discharge can be defined as the portion of total suspended solids of sand, silt and mud that flow in the drainage basin and eventually out to the sea (Owens, 2008) . Human activities are believed to be the primary driving force to the changing trends of streamflow and sediment discharge in many catchments (Zhang et al., 2008; Runstomji et al., 2008; Gao et al., 2011) . Evidence from longer-term sediment load records indicates that river sediment fluxes are sensitive to many influences, including reservoir construction (Vörösmarty et al., 2003) , land clearance and land-use change (Syvitski, 2003) , other forms of land disturbance including mining activity, soil and water conservation measures and sediment control programmes, and climate change (Walling & Fang, 2003) . Catchment activities and land-use changes can affect the trend in river discharge and sediment transport. Many studies have also shown that a changing trend in rainfall will affect the sediment and discharge trend in a catchment. Some of these influences cause sediment loads to increase, whilst others, namely, soil and water conservation and sediment control programmes, and reservoir construction can reduce sediment fluxes (Syvitski, 2003; Walling & Fang, 2003) . In many cases, it is difficult to differentiate the influence of climate change from that of other changes in a catchment. Although there is clear evidence that sediment loads of some rivers are changing, others show little evidence of any significant temporal trend (Walling & Fang, 2003) . This study investigates the long-term trend in sediment fluxes of the Kinta River and focuses on the annual rainfall trend, river discharge and sediment yields for the period 1961-2006.
STUDY AREA
This study focuses on the Kinta River catchment, the main tributary catchment of the Perak River system. The Kinta River flows from the Korbu and Ulu Kinta highland. The catchment drainage area is 2566 km 2 and is elongated in shape. The elevation of the upper catchment is over 2000 m a.s.l. The eastern parts of the hilly area are covered by forests, medium slopes are covered by different agricultural crops and the flat area is covered by barren land and urban area. The upstream area consists of very steep slopes covered by primary jungle (Said et al., 2002) .
The Kinta River is a seventh-order river based on Strahler's stream order classification. This high order indicates that the Kinta River consists of many tributary streams joining into the main stream (Fig. 1) ; 28%), tin mining land, and quarry (333 km 2 ; 13%). Table 1 summarizes the changing land use history from 1970s to present. Much of the change in the land use and hydrology occured due to mining and reclamation and conversion of mined wasteland to agriculture, human settlements and others. 1960s-2006) of daily precipitation, river discharge and sediment discharge in the Kinta catchment were collected from the Drainage and Irrigation Department of Malaysia (DID). A total of seven rainfall stations and river gauging stations were used (Fig. 1 ). All data were first qualitatively checked for missing values and linear regression analysis was performed in the interest of the missing rainfall and discharge data. Similarly, for missing sediment discharge data, the discharge value was calculated using the rating relationship between discharge stations. Then, sediment yield analysis was performed to estimate the rate of catchment areas experiencing land-use changes, and to measure the amount of sediment carried by the river. The land-use change information was obtained from the Department of Agriculture Peninsular Malaysia, and was analysed using a geographic information system (GIS). Four major types of land use were classified to identify any long-term changes of forest land use, water bodies, agriculture, and built-up areas (Table 1 ). The Mann-Kendall test was used to determine significance in the long-term trend of rainfall, discharge and sediment discharge in the Kinta catchment. Linear regression was used to identify whether the trends were increasing, decreasing or steady-state. The Mann-Kendall test is often used to further verify the trend's change in environmental time series data (Burn & Elnur, 2002; Yue et al., 2003) , and to confirm whether the trend is significant or not (Bae et al., 2008; Basistha et al., 2009) .
METHODS

Hydrological data series (
RESULTS AND DISCUSSION
The observed changes in sediment yield of the tributaries of the Kinta River (Fig. 2) does not reflect the impacts of climate (rainfall) variability except at Ulu Kinta which directly affects the sediment discharge of the upper Kinta River at Tg. Rambutan (Kinta TR) (see also Table 2 ). This is because sediment discharge from the upper Kinta was small because the land use is mostly forest. Tropical rain forests were able to prevent 21-31% of rainfall from falling directly onto the ground and could reduce surface erosion rates and thus sediment production (Manokaran, 1979) .
Other tributary, such as the Pari River, show a positive correlation between rainfall and sediment yield. This could be related to both, the changing rainfall and land use/anthropogenic activities in the catchment. Pari River flows through Ipoh City where much human intervention is taking place and also land-use changes especially related to land clearing for urbanisation. Many areas on the Ipoh City outskirts have been developed to meet population housing demands. Large areas of forest and agricultural plantation were turned into townships, which contribute further to the ever increasing sediment discharge in this basin.
Other rivers showed a negative correlation between rainfall and sediment yield, e.g. the Kampar, Raia and Chenderiang rivers, as they experience a declining trend in sediment yield with increasing rainfall trends. Similarly, the Kinta at Tg Tualang (Kinta TT) has a declining sediment trend with increasing climate factor. The sediment yield is higher at Kinta TT because it received all the sediment from the upper tributaries. Sediment of the Tumboh River changes little, despite the slightly increasing rainfall at the Nalla estate.
The contribution of anthropogenic activities in the catchments is discernible in the Raia and Chenderiang rivers. A lot of sediment flux came from Chenderiang between 1970-1985 (sometimes >2000 t/km 2 /year; Fig. 2 ). The declining sediment yield post 1985 could be partly related to decline in mining activities. The Malaysian Mines Department (1996) reported that the peak tin production was in 1972 (72 620 t) but declined to 37 874 t in 1983. The total acreage of mining areas in Perak declined to 53.88 km 2 in 1996. Malaysia's contribution to global tin production, also declined progressively from >40% in the early 1960s to just over 20% in 1991 (Balamurugan, 1991) . Estimated tin output was 7339 t in 1999; 6307 t in 2000, and declined to 3539 t in 2003 (Wu, 2003) . Nowadays, what is left of the mining land are numerous abandoned mining pools. 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 Ladang Kuda Ulu Kinta 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 Kampar River Sediment yield is the product of water discharge and sediment concentration. Therefore, the declining trends of discharge at Kinta TR and Tumboh River (Table 3) will affect and explain the declining sediment yield trend of the two rivers respectively (Fig. 2) .
Further calculation of the sediment discharged from the whole Kinta River revealed that the sediment discharge trend could be divided into five phases during this 46-year period. The first period was from 1961 to 1969. The total annual sediment discharge in the Kinta River catchment was low with an average of 1757 t/km 2 /year. Then in 1970-1985, the total annual sediment discharge rose to an average of 4062 t/km 2 /year. From 1986 to 1993, the sediment discharge decreased to an average of 1306 t/km 2 /year, and then increased during 1994-2000 to 2109 t/km 2 /year. Finally, from 2001 to 2006 the average was reduced to 865 t/km 2 /year. The decline in sediment discharge was almost 79% from 1970s and this trend is expected to decrease further into the future. 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 Nalla Estate 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 Tumboh River
CONCLUSIONS
Drainage catchments are dynamic and constantly changing due to the effects of natural factors and human activities. Rainfall is the major source of runoff in a drainage catchment and at the same time change of land use caused by human activities can increase the amount of sediment discharge due to excess soil erosion. This study found that rainfall did not really influence the sediment discharge but rather the interplay between rainfall and land-use activities affecting sediment production. Discharge trends in the Kinta catchment are increasing in the long run, but sediment yield is decreasing. The information about long-term trends of discharge, sediment yield and landuse changes in the Kinta River catchment is important for developing sustainable land management strategies and plans for future generations. The sediment discharge trend showed a declining sediment discharge from 1961 to 2006 with a reduction of nearly 80%. In accordance with this decreasing trend, it is possible to foresee that the trend of sediment leaving the Kinta River catchment will continue to decline in the future.
